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ABSTRACT

.. A temperature-sensitive mutant derivea from eastern equine encephalitis
.* (E( ) virus was found to induce the synthesis of a large amount of viral

MRtI In infected chick embryo (CE) cells. The mutant, designated Ets-4,
-- ., Synthsized two to four times more RMA than did the parent; however, its

_- yeld of mature virus was 0.5 to 1.0 log.: units less than that of EEE
virval

St•" ta-bStas tafeetion of CE-celLs with parea, and mutant viruses
-- reduced the amount of RMA synthesaied by Ets-4 to a level that approximated
-that- o-E-alone. Ete-4 vfiua was apparently Jefective with respect to
-the otrol mehanisms involved in RNA mynthesis, and the appearance of

-- large- -amouts of viral RUA of reduced biological activity was the result
Of ... this-:• -l-Sh ofcont-rol,. The presence of E£E virus ir. cells infected with

.. ts4 -Appered to. provide the mechanism to limit the production of RNA by
r*110e wtant, to norzal levels.

,v ita 1 RRA polymerase-Activity induced in CE cells infected with
Ets - virus. was hi£ar thanv with the parent virus. The presence of E!E
-irus .in Et-.-Z.*-. i etd.-ce-l-,. h6wesVr, r6duced -the amount of RNA poly *rase

...- " yntheued: Ts�v ibsevatton suggested that EEE must exert its influence
A-t-A-i. • titse befor ýor.during the synthesis of' viral RA' polytmrase.

It Apoe•ared likesly that !EE virus acts upon -Ets-4 -RNA 6ynthosis at
i soj point betve-n the" pnecrato-i of the cell by the virus and the-

iiyvmcl" -sie of the viral MRN polymerase.- EVE or Ets-4 viral RNA labeled
"i-~h 113 .uriditnt vs.used: -infect..CE cells, Vhieh at inteovals- after infec-
tion\We disropttd: an- the radioactivity associated with the microsomal
- . -.rac n .s.-. .rmiI;~ -:the -radioactivity Arising from Ets-4 RNA bicame

4 .eoeiate-dith-the--cillular microsomes in greater amounts than did that
of t- o perent-viru•s, indicating that this RNA may be bound more afficiently
. -- 6 o-thmcrd ,mal frartion. Experiments are in progress to determine the
ef fpct ofE0 iu nfeýtidn -uon- the binding of Ets-4 MA to the micro--oal fr~actio�� vEiC ci li.

J .



7 7M

3

I. INTRODUCTION*

Several years ago we isolated a temperature-sensitive mutant of eastern
equine encephalitis (EEE) virus that exhibited an unusual amount of 1RA
synthesis. Th! properties of this virus have been described in two previous
reports.** The mutant virus, designated Eta-4, was found to induce, in
infected chick emlryo (CE) cells, the synthesis of two to four tines more
viral RA tharn the artint, but the yield of mature virus was gaerally -
0.5 to 1.0 log,, less. Three types of viral RNA were detectedfor both the
parent and- the mutant- viruses- the 45S infecticas iRNA. a 7S - or- itierjet " - t
RNA, and the double-stranded-ZOS RN4A;_howeveax,_the. amount ofahý RŽNA type
made by Ets-4 was substartialiy greater. The 45S infectioua-.RNA, imde--by -
Ets-4 was calculated to have one-tenth the specific infectivity of, EE .
virus. On the basis of these data it was concluded that the Ets-4 inutant
was defective with respect to the control mechanisrms involved in ita RNO .
synthesis in that it produced excessive amounts of vira-l RNA.--o-f reduced-.
biological activity.

This report describes oUr efforts to-determine-t-he nature-of -the ...........
-ontrol meahaniasm involved in the RMA synthesis of the mutant and the
parent viruses.

1. . RESULTS

We can consider the unusual amount of RNA synthesized by Ets-4 as

"indicating a loss of control by the mutant of its own RNA synthes•is..
rhe parent viruo may posseesS a mechanismathat limits the- production of
viral RNA. If this is true, then it may be possible to restore-control
ol R1A synthesis to normal levels by superinfecting CE cells already
infected with Ets-4 virus with EEE virus. The experimental results we
obtained are shown in Figure 1.

The sedimntation pattern of RNA extracted from CE cells infected
i simultaneously with EEE and Ets-4 is shown in Figure 1. The multiplicity

of infection for both viruses was adjusted to 10 pfu/cell. The viruses

*.This re Nrt should not be used as a literature citation in material to be
published in the open literature. Raaders interested in referencing the
information contained herein should contact the senior author to ascertain
when and where it may appear in citable form.

** Zebovitz, E. ; Brown, A. January 1968, Pattern of viral RNA synthesis
in a temperature-sensicive mutant of eastern equine encephalitis virus,
,Technical Manurcript 432). Virus and Rickettsia Division, Fort Detrick,
Frederick, Maryland.
Zebovitz, E.; Brown, A. February 1969. Control of RNA synthesis in
eastern equine encephalitis viruses, (Technical Manuscript 306). Virus
and Rickettsia Division, Fort Detrick, Frederick, Maryland.
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were aliowed to replicate together for 6 hours at 37 C. The upper curve
is the sedimentation pattern of RNA synthesized by CE cells infected with
Ets-li virus alone. The lower curve is that of EEE 'irus a~lone. The RN4A
pattern of the doubly infected cells Is the middle curve. The sedimentation'

- ~pattern of RMAi extracted from doubly infected cells was similar to thone
observed for singly infected cultureE:, but -the affWunt of RMh Pade irt th~ae-

j cells approximiated that of EE.E virus grown alone. -These data indicate that
Eta-4 RNA synthesis was strongly influe-nced by h p e o n L
growing in. the .ai eein ..

The time of supertnfaction with -E" virUs was -important M!.g- 4).- -~.

EEE virus could reduce TEts-l RNA s"'rithesis -to-1iorqn4 .leyels, if it -was
aadcd"up to--I ho'ur After -infect-ion w-ith- Ets-4,---but i-f it w-is added -at
2 hours or later,_it could not lower the amount of Ets-li RI.N synthesiied.-

* These resultssuggest that EEE virus could infliience RN4A synthsso
Ets-li virus only during the early stages of Ets-li infection of CE -cealls..:

To 'compir f urtbe-Fthe &a syntei of a~ 0 n t viruses,, h
viral RNA polyme-rase induced in infected cells by both virus-es was scudied.
If -the--vira-I--RM- po-lvmerase--of -Ets-4-t -re-spotfsibla -fdr-the- fomtbiof
excessive amounts of viral RNA, then _it is poP sib le -that, EEZ-may ivo--
way. influence-t he h oraticy f W y.TThe--' T~c~U-
double imnlectio-n of- CE-ce-lls u-port viral RNA., po-ly eratse7~ti- *-iit- f
mined next,

CE-cells witre -nidt~ed'ithe-ach vir us~s 7  ~um~cnoaL-a4
overlrafd-with a maintenance medium containing_ I .±~ of actiriomfycin D per
ml and-incubated at 37 C. -M 2-hour intervals the -cells-.from-.five -60.u-M..

plates s-r-- -Ard, poid, 14 1W4.jijgib' and frozen
rapidly. The po~lymarase activity was determined witbi-.ttJ day- --The.......
cellu Ar ncrosomal fraction used As the enzyme source fin the polynerase -

Ltest -was obtained by lyuirig the cells _in_ a_ hypo-con-ic-salt- sol1ut ion nmd-
subjecting the susp~iniain to tan -strokes with A Douvce honog~enizer.'* .

The cell debris uase removed by certr f u ation. at- 600, x-g-azd -the microsoma'l
frtin aaeiotd from th -sueniatant -cell e' ta 'bycrriuaor -

at 10,000 x g for 10 minutes. The microsomal pellet was assayed imediately
for viral RNA polymeraus activity. A reaction mnixture containing- triti'ated
guanosite triphosphate, the other unlabeled nucleotide bases, and actinociycin

D was incubated with the cellular nicromotnal fraction for I hour at 37 Cý

The acid-precipitable radioactivity was determined by a method described

*Kontes Glass Co., Vine land, N.J.
*~Plagemanri, P.G,W. 1968. Reversible inhioition of induction of
mengovirus RNA polyinerase and of virus maturation in 'Novikoff rat
hepatotna cells by phenethyl alcohol. Virology 34:319-130.

L
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The rate of increase of viral RN polymerase activity in cells infected
singly with KEE or Ets-4 and cells doubly infected with both EES and Ets-4
is shown in Figure 3. The lower curve (control) represents the endogenous
polymerase activity in uninfected CE cells. The low level of activity of.
the control cells demonstrates that the observed RNA polymerase activity
in the infacted cells #as specifically iniuced by the preseuce of virus iB.
these cells. In this experiment the RNA polymerase activity of ce-lu

V •infected with Ets-4 virus alone had approximately four times the RNA
L'_ polywera-s a.t~ltty- arer-6. Uotirs growthl tl~f that for'e-Z -- oE I 7.- T-rhv

enzyme activity of cells infected simultaneously with EWf-and Ets-4- viruses -
I i• was-markekdly depressed and -approached that of UE -alone.

It is dles~r fromi -fbi -e~per{1c-nt'thaf the prlesen~e 'of _EEE virus-wit h
Ets-4 in some manner affects the synthesis or the activity of viral R10 .
polymeras. Earlier experiments showed that EEE influenced Ets'-4 RNA
synthesis only if it was present during the first hour of infectioT -
indicating that EEE must act very early in the infection. If the activity
of Ets-4 RNA polymerase is already a-ffected by EEE virus (Fig. 3>, then
it seems re sonable to assume that EEE virus must exert its influence
before the synthesis of vira~l RNA _polymer!se. Becauseý RNK- po-lymerase to.--
believed to be the very first protein synthesized in a "irus infection,
then it must- be cdn-idered .lIke1ý- da h-t..h eff•ect. if EEE-Virtii- . - - .
synthesis occurs before the initiation -of protein synthiesis, and fhý!Ca
component of the virus particle, either protein or RNA, may be involved.

.Detailed investigat-ions of-the steps involved between the -entry-of--th•e-
virus pe-rtit le irto -the cilI- and' the- synt-hiw-ls of virat fEýM arie- rprogr~ess-.
One approach to-this problem was-to determine the fate of the- Incom£ing
virsl RNA after- infection of cells-with purifted virus confaining-- l--
labeled viral RNA. The viras vas -labeled- by growing it for_ 18 hdurs on

CE cills overlaid with a serum-free ma&Ltenance edium contkining 5 jic
of H -uridine per ml. The virus was harvested from -the culture flids
by-centrifugation and further purified-bybandingina sucrose 3radient.

The acid-precipitable radioactivity of the Purified virus preparations
were determined and adJUsted-by dl-ut ion to a'pYo-iate-y-the:-sai*T.eV•-i - -
of radioactivity. The-diluted purified virus suspension served as th "-

b, virus inaculum.

One-tenth ml. of radioactive virus inoculum was used to infect CE cell
monolayers in 60-mm plates. The virus was allowed to adsorb at 4 C for
30 minutes. the overlayers were then overlaid with maintenance mediutm
containing actinomycin D and incubated at 37 C. At 2-hour intervals,
samples of five plates each were removed from the incubator and processed
to obtain the cellular microsomal fraction in the sa manner described
for the RNA polymerase assay. The microsomes were washed twice in a tris
buffer and dissolved in 0.5 ml Triton X-lO0; then the radioactivity was
determined in a liquid scirtillation spectrometer.

I.
I/
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IFigure -4- shows -a co-mparison of- the radioactivity zsýýociatad with the
microsomal fraction a ter infection of CE calls with radioactive LEE and
Ets-4 RNA. Because 1i -uridine was used to label the virus,,it was asuauged

I. ~that most of the label wasn incorporated into the viral RNA. The radiotctivIty -
that becaiae aasaciated with the micrason~l fractiar- is believed t"l b. Vital
RNA that entered the cell in the intact virus particle; when the virus
protein coat was removed, the RNA became associated vith'the microno=1

4&
P f~~raction- tf-thoue assumpt-ins- amecarrect., therr-ft APe-As that flvs-4 ---

RNAh ton-do to bind to the microsomal fracti-on in lar er atmounits that, that
bt ~of ZEE virus. The titer of ZM virus inocuium was greater than, that of,
r ~~Eta-4, yet the amount of radioactivi-ty ftxadra to humica~zU waala- ti-
L The bin~ding of virall RXA was- not iiihibited In- the prasarnce. of th poeint:-

inhibitor cyclohexirmide, which indicates t'a te a~dh ang occur i
the absence of protein synthesis.

These results show that there in a difference* in the- cap~acity of--s:
an&-dEts#-4 viral RNA to bird to the. Mi-Croso* I- fa -cton.1.Et- tsa-4--ppeart
to be bound- more eff iciently, and this -property of -Ets-i4trxy- account-foqr

the synthests of larg& acmountit of _vira-lAA._

The. role of EE, .vir~.s iv. lowering- the-rate .of Eta-4 --RNA-- synthei boj2-.
not yet k-nowun, but it eeatv like 1y -a". .t~his time that S-EE. vfrtii ýor diwn of.-
ito componento may block the bindfiig df- t6s-4 A Eo some replIeat'tor.

sitt on the mtcuooomal fraction.

Thwse studi~es art- being continued with sp*ecial1 empha 0 ic on tli
capacities a of -HE and Et o-4 RA t * b ind to the. zellulair microsntoma fraction
and on- determining the species, of--M-ai:asociata4 wtth-ýtho mierdoboms.._ý
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did that of the parent virus, indicating that this MA may be bound more efficiently
-- i, I to the microsowaI fraction. Experiments are in progress to determine the affect of

. E virus infection upon the binding of Ets-4 MNA to the microeomal fraction of CE
ce Ia..
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